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LXX. Temperature and Controlled Feeding 
Effects on Lactation and Related Physiological 
Reactions of Cattle 
H. D. JOHNSON, H. H . KIBLER, I. L. BERRY, 0. WAYMAN AND c. P. MERILAN 
INTRODUCTION 
The relative importance of the high environmental and/or body temperature 
and the diminished voluntary feed intake on lactation and related physiology is 
of fundamental importance in the understanding of the physiological mechanisms 
involved in the responses of lactating animals to heat stress. 
In general, the desire to know whether certain physiological functions of the 
cow are altered by the "temperature or the nutrition" or both, and the oppor-
tunity to challenge the rumen activity by forced feeding prompted this investiga-
tion. In all field situations the first question that arises when lactation declines 
due to summer heat is whether the feed or the temperature is the major causative 
factor and further if good quality feed were available, how much loss would one 
experience at the prevailing temperature-humidity, radiation, management, etc., 
conditions. 
Furthermore, in laboratory investigations where it is important to know if 
the temperature or the nutrition is the predominant factor in the alterations of 
such functions as thyroid and adrenal activity, energy metabolism, milk secretion, 
etc., one is again confronted with the problem of determining the relative effects 
of temperature and feed intake on the measured functions. 
The application of controlled feeding techniques for env.ironmental studies, 
therefore, eliminates one of the complicating variables. 
The objective of this experiment was very simply that of determining wheth-
er preventing the feed intake of lactating animals at a high temperature to fall 
below their feed levels at 6SF (18C) would keep milk production from declining. 
The maintenance of a constant feed intake level was facilitated by use of fistulated 
animals. 
The specific objectives of this study were to evaluate the relative importance 
of environmental temperature and feed intake on lactation at a high environmen-
tal temperature 88F (31C) by: (1) forcing lactating cattle, by rumen fistula feed-
ing, to receive the same quantity of feed in the rumen at 88F (31C) as at 6SF (18C), (2) comparing the lactation responses of these control-fed animals at 6SF (18C) and 88F (31C) and to compare them to the ad libitum animals. 
As a basis for interpretation of the lactation responses, some of the related 
physiological responses will be presented. 
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PROCEDURES 
Experimental Animals 
Before initiating the experiment, rumen fistulas with four-inch cannulas were 
prepared on four lactating Holstein cows. A few days were allowed for the cows 
to return to their normal milk production. The age, date of calving, and level of 
milk production at the initiation of the experiment are shown in Table 1. 
TABLE 1--AGE, DATE OF CALVING, AND MILK PRODUCTION AT INITIATION 
OF EXPERIMENT* 
Cow 
No. Age/years Calved Milks lbs/day 
833 4 6-30-60 52 
11 (fistula) 3 8-15-60 48 
12 (fistula) 3 8-25-60 56 
17 3 8-12-60 58 
7 (fistula) 3 7-15-60 46 
876 (fistula) 3 8-29-60 37.5 
*The first treatment was initiated on 12-19-60 following approximately a 30-day period in 
the laboratory for recovery from surgery and adjustment to feed and management procedures. 
These six lactating cows (four fisrular and two normal non-fistulated) were 
allotted at random to two ration groups: A with 10 percent molasses and B with 
30 percent molasses. The complete mixed rations of chopped hay, concentrates, 
and molasses were fed to provide information on the influence of molasses at 
high temperatures. Both rations provided more protein and energy than the rec-
ommended allowances for the cows in the experiment. One normal animal was 
assigned to each ration group as an ad libitum control. The design consisted of 
three weeks exposure to a base 65F temperature and 50 percent relative humidity 
condition and three weeks exposure to an 88F temperature and 50 percent rela-
tive humidity condition. Two of these three-week exposures were considered as 
one period. This investigation consisted of the replication of three of these peri-
ods (Table 2). 
All cows were housed in one chamber of the Missouri Climatic Laboratory. 
Management 
At 5 a.m. the feed was removed from the mangers, and the refused feed was 
weighed and recorded. At 6 a.m. the cows were milked, milk weighed, and the 
weight of the milk was recorded. At 7 a.m. on Thursday and Friday, the cows 
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were weighed; the morning ration was fed from pre-weighed bags, and the refused 
feed plus the standard fixed amount was fed through the cannula to each fistu-
lated cow. In the evening from 3 p.m. to 5 :30 p.m. the procedure was repeated. 
Feed 
Two complete rations of chopped alfalfa hay, concentrates, and molasses are 
shown in Table 3. As described previously by Wayman (1962), feed was freshly 
ground· and mixed at each three-week interval of the trial. Feed was pre-weighed 
and placed in paper sacks before each feeding. No allowance for slight differences 
in TDN was made when switching cows from ration A to ration B. Figure 2 
illustrates graphically the feeding of the 10 and 30 percent molasses rations. 
TABLE 2--SCHEDULE OF ENVIRONMENTAL TEMPERATURE AND HUMIDITY 
CONDITIONS, (1960-61) 
Date Week OF R.H. Period*** 
Dec. 5-12 l 65 50 Pre I iminary* 
Dec. 12-19 2 65 50 Base feed levels** 
Dec. 19-26 l 65 50 Adjustment 
Dec. 26-Jan. 2 2 65 50 Adjustment 
Jan. 2-Jan. 9 3 65 50 Measurement 
Jan. 9-16 l 88 50 Adjustment 
Jan. 16-23 2 88 50 Adjustment 
Jan. 23-30 3 88 50 Measurement 
Jan. 30-Feb. 6 65 50 Adjustment 
Feb. 6-Feb. 13 2 65 50 Adjustment 
Feb. 13-20 3 65 50 Measurement 
Feb. 20-27 1 88 50 Adjustment 
Feb 27-Mar. 6 2 88 50 Adjustment 
Mar, 6-13 3 88 50 Measurement 
Mar. 13-20 1 65 50 Adjustment 
Mar, 20-27 2 65 50 Adjustment 
Mar, 27-Apr. 3 3 65 50 Measurement 
Apr. 3-Apr. 10 1 88 50 Adjustment 
Apr. 10-Apr. 17 2 88 50 Adjustment 
Apr. 17-Apr. 24 3 88 50 Measurement 
*During the pre I iminary period the percentage of food to be fed through the cannula 
was determined. 
**Quantity of feed consumed at 65F (18C) determined the base quantity for the 
remainder of the experiment, 
***Data were taken during the adjustment weeks of each period, however most emphasis 
was placed on data obtained during the third week, Three weeks were regarded as 
sufficient time for ace I imation of most functions. 
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During the rwo-week adjustment period at the beginning of the experiment, 
all cows were fed ad libitum to establish the base 65F (lSC) feed level which was 
to be fed to all control-fed cows at the hot temperature (SSF, 31C). Any feed 
that the animals refused at the high temperature was recorded and then fed 
through the cannula as shown in Fig. 1. To provide some uniformity in the 
quantity of feed that was fed through the cannula throughout the trial, 20 per-
cent of the daily feed allowance of each fistulated cow was allotted for cannula 
feeding as a standard fixed amount. 
Animal Measurements 
1. Milk Production and Composition: Milk production was measured at ap-
proximately 6 a.m. and 6 p.m. following milking. Milk composition was deter-
mined from individual samples of milk collected from each cow on Sunday, Tues-
day and Thursday evenings and Monday, Wednesday, and Friday mornings to 
provide six samples per cow per week. 
Fat percentage was determined by the Babcock test and total solids by the 
Watson-Patton lactometer and the Mojonnier method. See Wayman et al. (1962) 
for energy estimates of milk. 
2. Body Weights: Before feeding and after milking, cows were weighed on 
each Thursday and Friday morning. 
3. Water Intake and Frequency: Daily water intake and frequency were re-
corded automatically as previously described by Thompson et al. (1949). 
4. Rectal Temperature: At 8 a.m. and 2 p.m. daily, Monday through Friday, 
and over the week-ends during high temperature treatments, rectal temperatures 
were recorded with a clinical thermometer. 
TABLE 3--RATION COMPOSITION* 
Ingredient Ration A (percent) Ration B 
Cane Molasses 10.0 30.0 
Alfalfa Hay (1-2 in. cut) 45.0 35.0 
Soybean Meal (44% protein) 5.5 S.5 
Shelled Com, No. 2 37.5 27.5 
(3/4 in. ground) 
Salt 1.0 1.0 
Bonemeal 1.0 1.0 
TOTAL 100.0 100,0 
*For proximate analysis see Wayman et al. (1962) 
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Fig. 1-Rumen cannula through which the refused feed and the fixed amounts 
of feed were fed. 
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5. Urinary Constituents: Urinary nitrogen,.Na and K samples were obtained 
from 24-hour collections of urine by internal catheters during the third week of 
each period. (These data obtained by K. Bergman are included for comparisons 
with metabolism and feed data and will be reported in more detail in a subse-
quent publication.) 
6. Energy Metabolism: The open circuit mask method was used, Kibler (1960), 
for measurement of resting metabolism of each individual animal. Each cow was 
measured twice weekly the first and second week of each period and four times 
the third week. 
RESULTS 
Feed Intake 
Figure 2 illustrates the feed intake of animals receiving feed ad libitum (nor-
mal) and the ad libitum and total feed intake (food consumed plus that added 
through the cannula) of the four control-fed cows. These values are weekly aver-
ages of the daily values during each week. The upper portion of the figure illus-
trates whether the ration was 10 percent or 30 percent for the particular period. 
Since the level of molasses caused no significant effects, this factor was not con-
sidered in the following presentation of data. 
Environmental heat depressed the ad libitum feed intake of both the control-
fed (fisrulars) and the ad libitum cows. The two upper curves (solid lines) show 
the weekly values for the ad libitum (normal) cows at each temperature condi-
tion. The depression of feed intake at 88F (31C) followed by recovery at 65F 
(18C) was repeated throughout the experiment. A gradual decline in the feed in-
take was presumably associated with a declining level of lactation. 
The four lower curves (solid lines) are ad libitum feed values (voluntary feed 
intake) for the control-fed (fistula) animals. However, the control-fed cows re-
ceived through the cannula the refused feed so their total feed intake (ad libitum 
and force fed) remained the same at both temperatures. To more clearly visual-
ize the results of the feeding responses, the total feed intake values (voluntary 
plus force-fed) for the control-fed animals are indicated by the dashed lines and 
appear as straight lines except for a few days during the ninth week. The normal 
animals ate more than the fistular animals during most of the experiment; how-
ever, this is not too noteworthy since the major comparisons were made on the 
same animals at the two temperature conditions. Figure 3 is presented to des-
cribe rhe quantity of feed fed through the rumen at each temperature. At the 
high temperature of 88F (31C), it comprised most of the feed intake and at 65F 
(18C) only the predetermined amount. 
Figure 4 (Table 8) shows average weekly values of feed intake for compari-
sons with milk production, rectal temperature, body weight and water intake for 
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Fig. 2-Weekly averages of daily feed intake for each individual cow at the 
various temperature and ration combinations. The voluntary and total intake 
are shown separately for the control-fed or fistula cows. The 10 percent and 30 
percent in the upper section of the figure refer to the percentage of molasses. 
control-fed and ad iibitum animals at the various periods. 
By observing the ad libitum feed values (dashed line) versus the control-fed 
total feed intake (solid line) , the shifting of the ad !ibitum cows from greater 
feed intake at 65F (18C) to less than control-fed cows at the 88F (31C) was 
strikingly illustrated. 
The comparisons of the lactation and related physiological data of ad libitum 
cows as they cycle above and below the apparent mean line of the control-fed 
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Fig. 3-Quantity (weekly average of four cows) of feed fed to the cows at 65F (18C) and 88F (31 C) via the rum en fistula to control the total intake of food. 
The values at 65F (18C) were fixed , w hereas the force-fed feed at 88F (31C) 
gradually declined during the experiment. This may reflect gradual acclimation 
to the temperature, or the declining lactation, since these factors would contri-
bute to lower voluntary feed intake at the higher temperatures. 
cows, Fig. 4, and the 65F (18C) versus 88F (31C) comparison of each group per-
mit a unique opportunity ro separate temperature from nutritional (quantity) ef-
fects. That is, any decline in lactation, etc., at 88F (31 C) of the control-fed animals 
is presumably due to temperature rather than caloric intake. 
Milk Production 
The greater ability of control-fed cows to maintain milk production at 88F 
(3 lC) than the ad libitum cows is apparent in Fig. 4. The standard error of the 
mean bars shown on the graph for the control-fed animals reflects the magnitude 
of difference between the two groups. Table 4 shows the milk to be significantly 
depressed in both groups with a much greater depression of 12.8 pounds/ day for 
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Fig. 4-Average weekly values for feed intake, milk production, rectal tempera- l 
ture, body weight, and water consumption of ad libitum and control-fed animals. 
Each bar represents the standard error of the mean for four control-fed cows at 
each week. As a basis of comparison, the feed graph shows the average intake 
of feed for the ad libitum and control-fed groups, and also shows the average 
weekly amount the control-fed group ate ad libitum. 
ad libitum cows as compared to the lesser depression of 5 pounds/ day for the 
control-fed animals. This suggests that much of the lactation can be maintained 
with feed control during periods of high temperature. Considering all periods, 
the temperature effect on milk production was significantly different for the ad 
libitum and control-fed groups (Table 4) . 
TABLE 4--MEAN DIFFERENCE AT ENVIRONMENTAL TEMPERATURES OF 65F (18C) AND 88F (31C) 
Measurement 
Feed intake 
lbs/day 
Milk production 
lbs/day 
Rectal temperature, 
F. 
Body Weight, lbs. 
Water intake 
gal/day 
Urine nitrogen, 
g/day 
Urine potassium, 
g/day 
Urine sodium, 
g/day 
TDN 
Milk 4 % FCM 
Metabolism, 
cal/day 
Mean Difference 
Ad Libitum Control-Fed 
-14.15 
-12.8 -5.0 
+2.55 +2.62 
-35.5 +23.92 
-3.13 +3.41 
-46.81 
-9.67 
-59.17 -20.04 
-33.24 
-21.05 
+.066 +.75 
-182 +13 
Between 
Feed Groups 
.001 
n.s. 
.001 
.001 
n.s. 
n.s. 
n.s. 
.Ol 
.01 
*P by.!. test, P < .Ol highly significant, P < ,05 significant, n.s. not significant. 
Significance of Difference* 
Within Feed Groups 
Ad Libitum Control 
.001 
.005 .001 
.001 .001 
.Ol .001 
n.s. .001 
n .s . n.s. 
.025 n.s. 
.01 .001 
n.s . .001 
.01 n.s. 
Mean value of the difference between values at 65F (l 8C) and 88F (31 C), using third week differences for individual cows. Cow #876 was sick so some of the data for this cow were deleted. 
The signs+ or - indicate whether mean value at 88F (31C) was greater(+) or less(-) than the 65F (18C) values, 
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Rectal Temperatures 
Figure 4 and Table 4 show that .in both ad libitum and control-fed groups 
rectal temperatures were affected significantly by the 88F (31 C) temperatures. 
However, the differences between the ad libitum and control-fed groups were not 
significant. Table 4 indicated that at the environmental temperature of 88F (31C) 
the animals had the ability to dissipate the extra heat increment factor of force 
feeding and to maintain a state of heat balance or equilibrium for the three-week 
exposure period. That is , most of the lactation was maintained by the control-
fed animals with only a slightly greater difference in their rectal temperature 
(Table 4) . 
Body Weights 
Environmental temperature and controlled feeding significantly influenced 
the body weights. In fact, the trends in body weight of control-fed animals were 
the inverse of those expected when the animals were exposed ro 88F (31C), 
(Fig. 4). The control-fed animals increased body weight. and the ad libitum ani-
mals lowered their body weight. The higher body weights of the control-fed ani-
mals at 88F (31C) than at 65F (18C) were partially attributed to the fact that 
the ad libitum animals ate less food and drank less water at 88F (31C), whereas, 
the control-fed animals received the same feed intake and voluntarily drank more 
water. Some approximate calculations show that the increase in water intake (less 
any increase in urine volume) may account for most of the differences. Table 4 
shows that the control-fed cows' body weight increased an average of 24 pounds 
during the 88F (31C) periods, whereas the increase in daily water intake was 3.4 
gallons or about 26 pounds, thus more than accounting for the weight increase. 
Actually, the increase in vaporization should also be subtracted from these values. 
An observed gradual filling of the rumen during this three-week period would 
also contribute to the body weight increase. 
Water Intake 
The decline of water intake for ad libitum cows at 88F (31C) is commonly 
observed with lactating cows since they compensate their intake with their water 
needs for milk production. It was expected that the water intake would increase 
significantly (Table 4) for the control-fed animals at 88F (31C)~ 
Urinary Constituents 
The urinary nitrogen losses (Table 4) were not significantly different though 
the cont:ol-fed animal appeared to lose less nitrogen at the 88F (31C) tempera-
ture. This largely reflects the differences in feed intake as is also true for Na and 
K values. However, the decline for these components for the control-fed animals 
suggests a poorer usage of the consumed feed or a more direct temperature effect. 
TABLE 5--AVERAGE URINARY CONSTITUENTS AT 65F (18C) AND 88F (31C) 
Ad Libitum Fed Cows 
65F 88F 
(18C} (31C) 
Urine nitrogen, gm. 111.57 64.76 
Urine sodium, gm, 89,09 55.85 
Urine potassium, gm, 212.48 153,31 
Summary data of K. Bergman 
P by..!. test on differences of the means. 
*< ,05 significance 
**< ,01 significance 
Difference 
-46.81 
-33.24 
-59.17 
Control-Fed Cows 
65F 88F 
Significance* (l8C} (31 C) Difference 
n .s. 87.14 77,47 
-9.67 
** 72,85 51.8 -21.04 
* 191.2 150,91 -40.2 
Significance"' 
n.s. 
* 
n.s. 
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Milk Composition 
To provide an energy basis for relating feed intake to energy value in milk, 
the feed was expressed as TDN (Fig. 5). The 4 percent FCM milk production of 
both groups was similar to the TDN curves. Probably most important is the de-
cline in 4 percent FCM milk at 88F (31C) even though the animals were con-
trol-fed. 
The difference in the ratio TDN/FCM (Fig. 6 and Table 4) emphasized 
less efficient feed conversion to milk due to controlled feeding. 
The decline in the milk fat (total accumulation per week) with advancing 
lactation is also shown in Fig. 5. A greater decline throughout the experimental 
periods of the ad libitum animals than the control-fed is shown by the crossing 
of the curves after 11 weeks. The persistency in milk production was much greater 
in the control-fed animals as has been previously pointed out by Wayman et al., 
(1962). 
The total solids, solids non-fat and fat are shown in Table 6. Values were 
altered to a greater extent at the 88F (31C) condition by ad libitum animals than 
control-fed animals where feed intake remained the same as indicated previously 
for milk production. The control-fed animals showed less decline in milk com-
ponents at 88F (31C) . 
DISCUSSION 
Figure 6 is presented as a basis for discussion, and the interpretation of some 
of the physiological data. The differences of the third week values are based ori 
group averages for each experimental period. Statistics were based on individual 
animal data. 
The data on milk production has indicated that the decline in lactation was 
significantly less for control-fed animals than ad libitum. The decline in lactation 
of the control-fed animals at 88F (31C) as compared to the 65F (18C) suggests 
that other factors than the level of feed intake are likely involved. It is possible 
that due to less need for thermal energy because of a higher environmental tem-
perature the feed energy contributed to the body weight increase. Whether this dif-
ference is due to altered rumen function or other factors associated with the 
utilization is being investigated. 
Water consumption and body weights of control-fed animals were signifi-
cantly increased. This was somewhat surprising since lactation declined signifi-
cantly. 
Energy metabolism of the control-fed animals was not significantly altered, 
whereas the ad libitum group declined, suggesting that much of the feed, force-
fed, was utilized. 
The urinary nitrogen was not significantly different at 65F (18C) and 88F 
(31 C) in either group of animals but the decline in the ad libitum group was 
considerably greater. These differences are largely due to the feed level differences. 
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Fig. 5-Weekly averages of TDN consumption, milk production expressed as 
FCM 4 percent and the total milk fat production at each temperature for ad 
libitum and control-fed animals. 
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TABLE 6--EFFECTS OF TEMPERATURE AND FEEDING ON MILK 
COMPOSITION 
Ad Libitum Fed Cows Control-Fed Cows 
65F 88F 65F 88F 
(18C) (31C) Difference (18C) (31C) Difference 
Total sol ids, 5.38 3.57 1. 81 4.44 3.70 .74 
lbs/doy 
Butterfat, 1.55 1.03 .52 1.29 1.09 .20 
lbs/day 
Sol ids not fat, 3...82 2.54 1.28 3.15 2.62 .53 
lbs/day 
The urinary nitrogen data (Fig. 6) tended to reflect the changes in feed and milk. 
As was true for milk production of the control-fed group, the 65F (18C) vs. 88F 
(31C) temperature difference in urinary nitrogen, sodium, and potassium values 
were of considerable magnitude even though the feed levels were the same. 
Urinary sodium values were significant at the .01 level within the feed groups. 
The uniqueness of this study permits a general observation on temperature 
versus feed quantity effects on urinary constituents, i.e., urinary nitrogen and body 
weight losses tend to be greater when the metabolism differences are greater-
in contrast to the lesser differences or changes of the control-fed animals. The 
control-fed animals maintained their metabolism, body weight, and urinary ni-
trogen levels when exposed to 88F (31C). Data of McGraham et al. (1959) 
showed that with a higher plane of nutrition his animals maintained a higher 
heat production at a higher temperature, as did the control-fed animals in this 
study. 
A comparison of dietary energy to metabolism warrants some comment. 
Figure 6 shows this ratio of metabolism to TDN suggesting that more metabo-
lism or heat production resulted per calorie of feed intake at the 88F (31C) tem-
perature as compared to 65F (18C) for the ad libitum animals; whereas, there was 
no temperature difference of the ratio for the control-fed animals. This greater 
efficiency of ad libitum animals at the high temperature is at the expense of body 
tissue. 
The ratio of metabolism to FCM milk showed an increase at the high tem-
perature. Actually there was less milk energy produced per calorie equivalent of 
oxygen consumed. Thus, the increase in the ratio of metabolism/ PCM milk of 
both groups of animals at 88F (31 C) indicates less efficiency unless this extra 
TDN prevented greater energy demands or loss by the tissues. 
18 MISSOURI AGRICULTURAL EXPERIMENT STATION 
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,-------, ,------, ,--------, ,------, 
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Fig. 6-A general comparison of data presented previously and physiological 
information for ad libitum and control-fed animals. Data are averages of all ani-
mals for each of the three periods. (Values are obtained by taking the average 
of the individual animal's difference of 65F (18C) and 88F (31C) for the third 
week of the temperature tr eatment.) 
When considering efficiency of these ruminants, a summary of data on 
methane production from Kibler (unpublished) are of interest (Table 7). The 
methane production declined in ad libitum animals at 88F (31C) , whereas the 
methane production increased at 88F (31C) for the control-fed animals. These data 
tend to parallel results shown for energy metabolism and reflect a sustained level 
of rumen function at the 88F (31C) for the control-fed group. 
The ratio of TDN/ FCM (Table 4, Fig. 6) suggests a lesser efficiency of feed 
conversion to milk at the higher temperature for the control-fed group. 
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TABLE 7--EFFECTS OF TEMPERATURE AND CONTROL FEEDING ON METHANE PRODUCTION 
Methane production, 
lit/hr 
65F 
20 .09 
Ad libitum fed cows 
88F 
17.43 
Difference 
-2.66 
SUMMARY 
65F 
11. 7 
Control-fed cows 
88F Di ffe re nee 
13.61 +l .91 
This study showed that a decline in feed intake is a major factor in the de-
cline in lactation due to heat but high body temperatures or environmental heat 
are still direct causes of some of the losses in production. 
The effect of controlling feed intake or preventing a decline in feed intake 
due to an 88F (31C) environmental temperature was significant in maintaining 
lactation although full production was not supported. 
Controlled feeding at a temperature of 88F (31C) did prevent a decline in 
metabolism but did not increase body temperature significantly more in the con-
trol than the ad libitum group. Presumably the animals could still lose extra hear 
by radiation and evaporative cooling at this temperature for the experimental 
period. 
This study has presented many physiological interactions that are normally 
not displayed when the animal is permitted to volumarily control its feed .intake 
at a high temperature. Dara presented also provide physiological information for 
better evaluation of whether lactation declines were due to body temperature or 
lowered feed intake or both. 
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Date 
12-19-60 
12-26-60 
1-2-61 
1-9-61 
1-16-61 
1-23-61 
1-30-61 
2-6-61 
2-13-61 
2-20-61 
2- 27-61 
3-6-61 
3-13-61 
3-20-61 
3-27-61 
4-3-61 
4-10-61 
4-17-61 
Temp. 
Humidity 
65-50 
65-50 
65-50 
88-=50 
88-50 
88-50 
65-50 
65-50 
65-50 
88-50 
88-50 
88-50 
65-50 
65-50 
65-50 
88-50 
88-50 
88-50 
APPENDIX TABLE 1--WEEKLY AVERAGE CONTROLLED FEEDING STUDY, 1960-1961 
Milk Production 
lb/day 
4%, FCM 
lb/day 
Feed Intake 
lb/day 
TDN Consumpt ion 
lb/day Control Ad. Lib. ControT Ad.Lib, Control Ad. Lib. Control Ad. Lib. 
35,3 
33.5 
34,5 
47.1 
45.4 
44.5 
34.0 
32.5 
34.8 
46.6 35.5 47.7 21 .72 
44,6 35.7 48 21.82 
43. 8 36 46.4 22.02 
35.8 
31.6 
31.2 
40--:-6 
33.4 
35.4 
36,0 
31.0 
28.6 
·42.3- 36 39. i-----if.02 
32.5 35.2 30, l 21.55 
33,1 36 33,7 22,02 
33.8 
36,2 
36.7 
36.1 
30.5 
30.0 
38.8 
44.6 
44.0 
40.0 
29,9 
27.9 
33.5 
36,3 
35.0 
32.8 
28.9 
28,5 
38.2 
43.8 
43.9 
39.1 
28.4 
26.4 
36 
36 
36 
36 
36 
36 3o:J __ _ 3J:S-29-:o--- 28~4--36 __ _ 
33,8 36.0 30.6 31,2 36 
32.6 38.1 31.1 33.2 36 
32.6 35.B 31.0 31.5 36 
29.2 28.8 28.5 26.9 36 
27.5 24.8 26.4 22.2 36 
41 .0 
44.7 
46.6 
33.0 
29.8 
30.3 
33.8 
37 .1 
40.8 
33 .8 
30.8 
26.8 
22.05 
22.05 
22.05 
22.05 
22.05 
22,05 
22.02 
22.02 
22.02 
22.02 
22.02 
22.02 
29.28 
29.56 
29.56 
23.9f 
18.40 
20.62 
25 .12 
27. 40 
28.53 
20.15 
18.25 
18.54 
20.31 
22.29 
24,52 
20.31 
18,48 
16.40 
Water Intake 
gal/day 
Contro!AJ~Tib. 
15.7 
15.8 
16.7 
17,8 
19.7 
19,4 
17.3 
16.0 
14.B 
17.0 
18.1 
19.7 
16.3 
16,8 
15.2 
18.5 
20,0 
18.1 
21.2 
20 .B 
22.4 
20.0 
18.5 
19.5 
19 ,8 
21. 4 
23.6 
20.6 
17.5 
17. 3 
14.9 
15.8 
17.6 
18.4 
18,6 
17. 2 
Rectal Temp. 
OF 
Control -AC:t-;-ui;. 
101,4 
101.4 
101.4 
102.4 
103,9 
104,0 
101,2 
101,0 
101.1 
101.9 
104.0 
103.9 
101.2 
101.l 
101.0 
102,0 
103.4 
103,4 
101.8 
102.0 
101,9 
103.8 
104.7 
104,0 
101.4 
101,7 
101,6 
103.5 
104. 8 
104. 4 
101.4 
101,5 
101.8 
103.4 
104.4 
104.6 
Body Weight 
lbs. 
c:;;;;t;;;1 Ad . Lib, 
988 
979 
984 
980 
1000 
1006 
1023 
1001 
971 
1010 
1011 
1023 
1025 
1009 
1004 
1018 
1037 
1032 
1116 
11 42 
11 22 
1107 
1100 
1090 
1116 
1152 
11 62 
1138 
111 7 
1107 
1152 
11 91 
1177 
1171 
11 64 
11 58 
APPENDIX TABLE 2--TDN CONSUMPTION, LBS/DAY 
Control-Fed Cows Ad Libitum Fed Cows 
Date °F, C){,R.H. 7 12 11 876 Average 833 17 Average 
12-19 65-50 21.19 22.44 20.43 22.83 21.72 29.54 29.21 29.28 
12-26 65-50 21.19 22.44 20.85 22.83 21,82 29,91 29.21 29.56 
1-2 65-50 21.19 22.44 21.63 22.83 22.02 27.92 29.21 29.56 
1-9 85-50 21.19 22.44 21.63 22.83 22.02 22.93 24,88 23,91 
~ 
tr1 
1-16 85-50 21.19 20.57 21 ,63 22.83 21.55 17.76 19.05 18,40 
Vi 
tr1 
1-23 85-50 21.19 22.44 21.63 22.83 22.02 20.75 20,49 20.62 
> l:"1 () 
::i:: 
1-30 65-50 20.43 21 .63 22.44 23.68 22.05 22.77 27.48 25.12 to 
2-6 65-50 20.43 21.63 22.44 23.68 22.05 24.34 30.47 27,40 
c 
t""' 
2-13 65-50 20,43 21.63 22,44 23,68 22,05 25,60 31.47 28,53 
t""' 
tr1 
::l 
2-20 85-50 20.43 21.63 22.44 23.68 22,05 20.67 19.63 20.15 
z 
2-27 85-50 20.43 21,63 22.44 23 ,68 22.05 17,43 19.07 18.25 
\D 
0 
N 
3-6 85-50 20.43 21.63 22.42 23.68 22.05 18,45 18.63 18.54 
3-13 65-50 21, 19 22.44 21.63 22,83 22,02 21. 93 18.69 20.31 
3-20 65-50 21. 19 22,44 21.63 22,83 22.02 23,74 20,85 22,29 
3-27 65-50 21.19 22.44 21.63 22,83 22.02 25.48 23.56 24,52 
4-3 85-50 21.19 22.44 21,63 22,83 22.02 18,99 21.63 20,31 
4-10 85-50 21.19 22,44 21.63 22,83 22,02 16, 71 20.25 28.48 
4-17 85-50 21.19 22.44 21,63 22.83 22.02 15.20 17.61 16,40 
N 
,_. 
APPENDIX TABLE 3 --FEED CONSUMPTION, LBS/DAY 
_ Control.="ed~ _ __ _ _____ 
Date Temp. Cow 11 Cow 876 Cow 7 Cow 12 Control-Fed Average Ad, Lib i tum Fed Hum, Ad. Lib, Force Fed Total Ad, Lib, F.F. Total Ad. Lib. F.F. Total Ad, Lib. F, F. Total Ad. Lib. F.F. Total Cow 17 883 Ave . 
------------·--~~----- ----
12-19 65-50 28.7 5,3 34,0 25.9 12, 1 38,0 28.5 5.5 34,0 27.8 8,2 36.0 27,7 7,8 35,5 48.0 47.4 47.7 12-26 65-50 27.8 6,9 34.7 27,0 11.0 38.0 26,3 7,7 34.0 28.8 7.2 36.0 27.5 8,2 35.7 48.0 48.0 48 1-2 65-50 28.8 7.2 36.0 30,4 7,6 38.0 27.0 7.0 34.0 28.8 7.2 36.0 28.8 7,2 36 48.0 44.8 46.4 1-9 88-50 28,8 7,2 36.0 30.4 7.6 38.0 16.2 17.8 34.0 20.3 15.7 36,0 23,9 12, 1 36 41.4 36.8 39, l 1-16 88-50 25.0 11.0 36.0 17,3 20.7 38,0 
.4 33.6 34,0 4.5 28.5 36,0 11,8 23.4 35.2 31.7 28.5 30.1 1-23 88-50 13.0 22.7 36,0 19,8 18,2 38.0 .3 33.7 34,0 2, l 33.? 36,0 8,8 27,2 36 34, l 33.3 33.7 1-30 65-50 23,9 12.1 36.0 30.0 8,0 38.0 17.6 16.4 34,0 19.0 17.0 36.0 22.6 13,4 36 44, 1 37.9 41,0 2-6 65-50 28,8 7.2 36.0 30.4 7,6 38,0 27.2 6.8 34.0 28,8 7,2 36.0 28.8 7.2 36 28.9 40.5 44.7 2-13 65-50 28.8 7,2 36.0 30,4 7,6 *38,0 27 ,2 6.8 34,0 28.8 7 .2 36,0 28.8 7.2 36 50.5 42.6 46.6 2-20 88-50 28,2 7.8 36.0 11.1 26,9 *38,0 26.9 7.1 34.0 28,8 7.2 36,0 23.8 12.2 36 31.5 34.4 33,0 2-27 88-50 20,9 15. l 36.0 10.7 27,3 38.0 10.7 23.3 34.0 24, 1 11.9 36,0 16.6 19.4 36 30,6 29 ,0 29.8 3-6 88-50 5.3 30.7 36.0 9.9 28, 1 38,0 8,9 25, 1 34,0 12.2 23,8 36,0 9,0 27.0 36 29,9 30.7 30,3 3-13 65-50 7,5 28.5 36,0 13.6 24.4 38,0 22.9 11.1 34,0 25.1 10,9 36.0 17,3 18.7 36 31. 1 36,5 33,8 3-20 65-50 28.8 7,2 36,0 30.4 7,6 38,0 27.2 6,8 34.0 24,6 11,4 36,0 27.8 8,2 36 34.7 39,5 37.1 3-27 65-50 28,8 7.2 36,0 30,4 7.6 38.0 27.2 6.8 34.0 28.8 7,2 36,0 28.8 7,2 36 39 . 2 42.4 40,8 4-3 88-50 28.8 7.2 36.0 30.4 7.6 *38.0 22.0 12,0 34,0 28.8 7,2 36,0 27.5 8.5 36 36.0 31,6 33,8 4-10 88-50 26,9 9.1 36.0 18.2 19.8 38,0 11.5 22.5 34,0 27, 1 8,9 36.0 20.9 15.1 36 33.7 27,8 30,8 4-17 88-50 15.7 20.3 36.0 11.2 26.8 38.0 9,4 24.6 34.0 22,8 13.2 36,0 14.8 21.2 36 29.3 25.3 26.8 *Days that cow was sick not used in average. 
APPENDIX TABLE 4 --MI LK PRODUCTI O N, lb/day 
Date Temp. Control - Fed Cows Average Standard Ad Li bitum Cows 
Hum, 7 12 ll 876 Error 833 17 Average 
12-9 65-50 31.3 38 .6 37,3 33 .9 34.0 :: .65 38.7 55 .5 47. l 
12- 26 65-50 26.8 39 .4 34.8 32,9 33.5 :!." .95 37, l 53.6 45.4 
1- 2 65-50 30.6 38.3 33.5 35 .4 34.5 :!: . 68 35 . l 53 .9 44 .5 ?:I trl 
1-9 88-50 30.6 39 .0 38 .6 35 . l 35 . 8 :t .71 32,2 49. 1 40.6 
Cl> 
trl 
1-16 88-50 27.7 32 .5 34.8 31.2 31.6 ! . 63 27. 7 39 .0 33 . 4 > :>;j 
1-23 88-50 26.6 35.3 32,9 30.0 31, 2 - ,67 28.0 42.7 35 . 4 
(') 
::i: 
1-30 65-50 28 .5 36 .6 36.2 34. 1 33.8 :!." .77 29 .4 48 , l 38. 8 b:J 
1-6 65-50 29.8 40.0 39. 4 35.7 36. 2 ~ .so 33.2 56 .1 44,6 e r< 
2-1 3 65-50 29 .6 40. 2 40.3 *23.0 36.7 ± . 98 32.7 55. 2 44 .0 r< trl 
2- 20 88-50 28 .B 39. 7 40.0 *22.7 36. l ±1.20 30 . 7 49. 2 40.0 >--! 
2-27 88-50 24.9 36.4 32.6 28 .0 30 .5 ±i.oo 22 . 7 37.1 29.9 
z 
3-6 88-50 24. 1 36.9 29,6 29 . 2 30 .0 :t • 91 22 ,0 33 ,8 27.9 
\0 
0 
3-13 65-50 29.7 32.2 29. 2 29.2 30. 1 + 28 . 2 34. 8 31.5 
N + . 93 
3-20 65-50 26,9 40-0 36.8 31.5 33.8 - .85 31.2 40.9 36.0 
3-27 65-50 22.4 39.3 36 .2 32,6 32 .6 ±1.27 32. l 44 , l 38 , l 
4- 3 88-50 22 .2 39.9 37.4 30 . 7 32.6 :!:1,33 28. l 43 .6 35.8 
4-10 88-50 19.9 36.8 29 .7 30 ,3 29 ,2 :!."1. 20 18.3 39.4 28.8 
4- 17 88-50 17.9 34.7 28,2 29 , l 27.5 ±1.29 14.6 35. l 24.8 
*Cow sick - omi tted from average . 
N 
'JO 
IV 
~ 
APPENDIX TABLE 5--ACCUMULATIVE MILK FAT PRODUCTION, LBS/WEEK 
Control-Fed Cows Ad Libitum Fed Cows 
Date Temp.-Humidity 7 12 11 876 Average 833 17 Average B;:: 
°F %R.H. c;; (/) 
0 
12-19 65-50 8.70 9.73 8.93 8.90 9.07 10.13 15.84 12.99 c:: ~ 
12-26 65-50 7.64 9.79 10.30 8,09 8,96 9.43 15,34 12,39 > 
1-2 65-50 8.90 10.18 11.11 8.92 9.78 9.36 14.89 12.12 0 ?" 
1-9 88-50 8.22 10.79 10.20 10,94 10.04 9.14 15.01 12,08 n c::: 
1-16 88-50 7.62 8.44 9.17 8.65 8.47 7.69 10.18 8.94 i->-j 
1-23 88-50 6,81 8.37 8, 18 8,09 7,86 8,06 9.60 8,83 c::: ?" 
>-
1-30 65-50 8.41 9.97 9,60 9,20 9,30 8,24 12,94 10,59 i-
2-6 65-50 8,63 11.16 11.20 9.75 10.19 7,84 16.38 12 .11 l:'I1 :><: 
2-13 65-50 7,39 10,36 10.63 * 6.66 9.46 8.42 15.38 11.90 'U tI1 
?" 
2-20 88-50 7. 12 10.44 10.87 * 6.10 9.48 8.16 13.20 10.68 i: 
2-27 88-50 5,94 9.17 8.70 7.41 7,81 6.96 8,36 7.66 tI1 z 
3-6 88-50 6.10 9,08 7.55 8.14 7.72 6.31 7,92 7.12 .., [./) 
3-13 65-50 7,07 9.54 7,20 7.47 7.82 7.03 7.73 7.38 >-j >-
3-20 65-50 7.25 9,09 8.11 8.00 8.11 8.69 6.54 7.62 
.., 
0 3-27 65-50 5.67 9.49 9.62 8.94 8.43 9.05 7.98 8.52 z 
4-3 88-50 5.76 10.01 9.16 8.84 8.44 7,24 8.81 8.02 
4-10 88-50 5.55 9.64 8.10 8.11 7.85 6.15 8, 17 7.16 
4-17 88-50 4.61 8.58 7.74 7.81 7.19 4.54 6,88 5.71 
* Cow sick - value omitted in average. 
APPENDI X TABLE 6--BODY WEIGHT, LBS . 
Temp. - Humidity Control-Fed Cows Average Standard Ad Libitum Fed Cows 
Date °F %R.H. 7 12 11 876 Error 833 17 Average 
12-19 65-50 987 934 965 1064 988 ~18.5 1297 934 1116 
12-26 65-50 985 981 966 1073 979 -24.5 1321 963 1142 
1-2 65-50 1012 896 970 1057 984 :!::22.5 1305 940 11 22 ::i::i t>1 1- 9 88-50 999 890 967 1065 980 ±23.9 1286 928 1107 [/) t>1 
1-16 88-50 1012 931 984 1074 1000 ±20.5 1253 948 1100 > ::<' 1-23 88-50 1027 931 992 1074 1006 ±19.8 1263 917 1090 n ::r: 1-30 65-50 1036 938 1031 1088 1023 ±20.4 1289 942 1116 tp 
2-6 65-50 1024 896 998 1086 1001 ±26.0 1340 965 1152 c [""< 2-13 65-50 1020 895 1002 967* 971 ±18.1 1341 982 11 62 
" t>1 2-20 88-50 1003 894 1016 1127 1010 ±:31. 3 1330 945 11 38 >--! 
2-27 88-50 1021 890 1013 11 19 1011 ±30,9 1301 933 111 7 z 
3-6 88-50 1031 899 1052 11 09 1023 ±29.0 1290 924 1107 \D 0 
±29 . 4 N 3-13 65-50 1032 901 1054 1111 1025 1371 934 11 52 
3-20 65-50 1028 904 1011 1092 1009 ±25.7 1397 985 1191 
3-27 65-50 1031 879 1017 1090 1004 ±29 ,3 1379 976 11 77 
4-3 88-50 1049 882 1042 1099 1018 ±31.0 1382 960 11 71 
4-10 88-50 1044 901 1064 1138 1037 ~32 .6 1366 963 11 64 
4-17 88-50 1059 886 1064 1118 1032 ±35. l 1372 944 1158 
*Cow sick; used value of 2nd week instead of 3rd week for calculations. 
N 
\.)> 
APPENDIX TABLE 7--WATER CONSUMPTION, GAL/DAY 
Temp. Control-Fed Cows Average Standard 
Week Hum, 7 12 11 876 Error 
12-19 65-50 15.0 17, 1 16.2 14.6 15.7 ±,38 
12-26 65-50 15, 1 16.7 15~ 2 16.3 15.8 ±.36 
1-2 65-50 15.4 16.4 16.8 18. l 16.7 ±,33 
1-9 88-50 17,5 16,0 17.7 19,8 17,8 ±.38 
1-16 88-50 18.5 19,0 19.7 21.5 19.7 :!: , 40 
1-23 88-50 18.1 20, l 19.9 19,4 19 .4 ±,41 
1-30 65-50 18,3 17.6 17.2 16. 2 17.3 ±.35 
2-6 65-50 15 .7 15.9 16.4 16.1 16.0 ±.35 
2-13 65-50 15.3 15. l 14.5 14.3 14.8 ±.41 
2-20 88-50 17.1 17,6 18,8 14.6 17,0 ±,46 
2-27 88-50 17, l 17.8 19.3 18, l 18.1 ±.28 
3-6 88-50 18.2 19.5 23.0 18,0 19,7 ±,54 
3-13 65-50 15.8 17.6 16.7 15,2 16.3 ±.54 
3-20 65-50 16.0 18.0 17.5 15.6 16.8 ±.so 
3-27 65-50 13.7 16.5 15.9 14.8 15. 2 ±,92 
4-3 88-50 17.7 19,8 18.7 17,9 18.5 ±,48 
4-10 88-50 19,3 21.5 19.7 17.7 20,0 :!:,47 
4-17 88-50 17.1 20 . 2 18. 2 16.8 18.1 ±,79 
Ad Libitum Cows 
833 17 Average 
19.7 22.8 21.2 
19 .3 22.4 20,8 
19.0 25.7 22.4 
17.0 22 ,9 20 .0 
16.7 20,3 18,5 
17.1 21.9 19.5 
16.8 22.9 19.8 
17.3 25.5 21.4 
19.3 27.8 23 .6 
17.6 23 .5 20.6 
16,3 18.7 17.5 
16.8 17.8 17.3 
14.9 14.9 14.9 
14.9 16.6 15.8 
16.6 18,5 17.6 
16.9 19.9 18 ,4 
16.8 20.3 18.6 
15.6 18.9 17.2 
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Temp. 
Date Hum, 7 
12- 19 65-50 101.3 
12-26 65-50 101.3 
l-2 65-50 101,2 
1-9 88-50 102.3 
1-16 88-50 103,8 
l-23 88-50 104.0 
1-30 65-50 101.3 
2-6 65-50 100.9 
2-13 65-50 101.2 
2-20 88-50 101,3 
2-27 88-50 103,0 
3-6 88-50 103, l 
3-13 65-50 101.0 
3-20 65-50 101.0 
3-27 65-50 100,9 
4-3 88-50 101.7 
4-10 88-50 102,6 
4-17 88-50 102,5 
APPENDIX TABLE 8--RECTAL TEMPERATURE , °F 
Control - Fed Cows Average Standard 
12 11 876 Error 
101,3 101.8 101 . l 101.4 ::':,078 
101,4 101,8 101,0 101.4 ±,079 
101,5 101,9 101.0 101.4 :!:,095 
103,0 192,8 101.6 102.4 ±.220 
104.5 104. l 103.2 103 , 9 + +· 160 
104.4 104.5 103. l 104.0 +· 179 
101.2 101.4 101.l 101.2 -.065 
101.0 101, 3 100.7 101 ,0 t.078 
101,0 101,3 100.9 101.l - . 067 
102.4 102,4 101.6 101,9 ±.166 
104.4 105.0 103,5 104,0 ±, 191 
104,6 105, l 102,9 103,9 ±.228 
101,4 101,4 101.2 101,2 ±,094 
101, 1 101,4 100.9 101, l ±,086 
101,0 101,3 100 , 9 101,0 ±,060 
102.4 102,5 101,3 102,0 ±, 150 
103.7 104.2 103,2 103.4 ±, 147 
104,0 104.9 102 , 4 103.4 ±,252 
Ad Libitum Cows 
833 17 Average 
101.5 102. l 101.8 
101.7 102.4 102,0 
101.6 102.2 101,9 
102.8 104.7 103 ,8 
103,7 105.7 104.7 
103.3 104.6 104.0 
101.2 101.7 101.4 
101 . 4 102.0 101 .7 
101. 2 102. l 101.6 
102.6 104.4 103,5 
104,0 105.6 104.8 
103.5 105.4 104.4 
101,3 101,6 101.4 
101.l 101.9 101.5 
101.4 102.2 101. 8 
; 102, 5 104. 4 103,4 
103,6 105.3 104.4 
103.6 105 , 6 104,6 
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